Background: This is a retrospective prognostic study on soft tissue injury following isolated greater tuberosity (GT) fractures of the proximal humerus with respect to the relationship between rotator cuff tears and GT displacement. Methods: Forty-three patients with isolated GT fractures were recruited and evaluated with a standardized interview and physical examination, quality of life and shoulder function questionnaires (Western Ontario Rotator Cuff Index, SF-12 Version 2, Constant, Quick-Disabilities of the Arm, Shoulder and Hand, Visual Analogue Scale), standard shoulder radiographs and an ultrasound. The main outcome measurements were: incidence of rotator cuff tears and atrophy, biceps pathology and sub-acromial impingement; superior displacement of the GT fragment; and questionnaire scores. Results: Mean age was 57 years (31 years to 90 years) with a follow-up of 2.4 years (0.8 years to 6.8 years). In total, 16% had a full rotator cuff tear and 57% showed subacromial impingement on ultrasound. Full rotator cuff tears and supraspinatus fatty atrophy significantly correlated with decreased function and abduction strength. Significant atrophy (>50%) of the supraspinatus and infraspinatus, without a rotator cuff tear, was correlated with the worst function in the presence of a residual displacement of the greater tuberosity at the last-follow-up (7 mm). Conclusions: Residual displacement, full rotator cuff tear and muscle atrophy are associated with the worst outcomes. Soft tissue imaging could benefit patients with an unfavourable outcome after a GT fracture to treat soft tissue injury.
Introduction
Proximal humerus fractures are common, affecting 73 per 100, 000 individuals in North America. 1 Twenty percent of these injuries are isolated fractures of the greater tuberosity (GT). 2 The GT is the insertion site for three rotator cuff tendons (supraspinatus, infraspinatus and teres minor) and even minor amounts of displacement can significantly impact function and range-of-motion of the affected joint. [3] [4] [5] [6] [7] [8] Additionally, because of the proximity of the biceps tendon to the GT, partial or full tears and tendinopathy may occur following GT fracture.
Functional outcomes following proximal humerus fractures are highly variable, with reported Constant scores of between 34 and 100. 9 It has been suggested that undetected rotator cuff tears may be a significant cause of poor outcome and up to 40% of individuals will have a full-thickness rotator cuff tear following proximal humerus fracture. 10 Fatty muscle atrophy of the rotator cuff following rotator cuff tear has also been correlated with worse functional outcome. 11 However, the impact of rotator cuff pathology or atrophy on functional outcome following isolated GT fracture has not yet been described.
The purpose of the present study was to describe the incidence of rotator cuff and biceps pathology following isolated GT fracture and to assess their impact on objective and subjective functional outcomes.
Materials and Methods
A prospective trauma database at a level 1 trauma centre was retrospectively queried to identify all cases of isolated GT fractures that presented between July 2007 and April 2011. Specific inclusion and exclusion criteria are listed in Table 1 . All eligible patients were invited by phone to participate in the study, which consisted of a follow-up visit at the orthopaedic clinic, the completion of quality of life questionnaires, a physical examination, shoulder radiographs, and a shoulder ultrasound. Local ethics review board approval was obtained prior to the commencement of this study.
During the follow-up visit, all patients were interviewed and examined by a single senior resident (JM). The visits consisted of demographic data collection (including age, sex, tobacco use and employment status) and the completion of quality of life and shoulder function questionnaires: Western Ontario Rotator Cuff Index (WORC), 12 SF-12 Õ Health Survey version 2.0 (SF-12 v2), 13 Disabilities of the Arm, Shoulder and Hand Outcome Measure -Shortened version (Quick-DASH), 14 and a visual analogue pain scale (0 to 10). The range of motion of both shoulders and elbows was evaluated by a single physiotherapist and the shoulder abduction force was tested with a Lafayette 01163 Manual Muscle Tester (Lafayette Instrument Co., Lafayette, IN, USA) using the Constant score method. 15 Finally, the results were compared between the injured and uninjured shoulders.
The financial compensation received by the patients during their convalescence was also noted because this has been shown to have a significant impact on final outcome. 16, 17 In our region, patients may receive salary insurance coverage either from private insurance or public worker's compensation insurance. Direct treatment costs are covered by a universal public healthcare system for all patients.
Shoulder radiographs from the initial, follow-up and study visits were reviewed and the initial and subsequent GT displacement was measured. The GT fractures were classified according to the Neer and AO Classifications, which were developed for proximal humerus fractures. The Neer Classification defines GT fractures as displaced if the GT fragment is translated by 1 cm or angulated by 45 with respect to the humeral shaft. However, Neer observed that isolated GT fractures tended towards a poorer outcome with even minimal displacement. 18 The AO Classification divides isolated GT fractures into three types: nondisplaced (<5 mm), displaced (5 mm) or associated with glenohumeral dislocation. The 5-mm cut-off for displacement was chosen for this classification in recognition of the poor outcome following GT fractures with even minimal displacement. 19 All of the GT fractures were also classified according to the morphological classification. 20 This classification divides GT fractures into 'avulsion', 'split' or 'depression' types depending on GT fragment shape, location and size. 20 The modality and duration of treatment for each patient was retrieved from the medical record and the presence or absence of glenohumeral dislocation at the time of fracture was also recorded.
Finally, all patients underwent shoulder ultrasound examination by a single experienced musculoskeletal radiologist. Ultrasound was chosen for this study because it allowed for the dynamic evaluation of subacromial impingement, which is a significant concern in GT fractures. 3, 7 Additionally, ultrasound is comparable to (and for spatial resolution and blood flow, better than) magnetic resonance imaging (MRI) for rotator cuff imaging. [21] [22] [23] Ultrasound is relatively inexpensive, readily available, and both reliable and accurate in the evaluation of fatty atrophy in the supraspinatus and infraspinatus muscles. 24 A standardized checklist was used to guide the ultrasound examination and to record pathological findings. The supraspinatus, infraspinatus, subscapularis and biceps tendons were examined for evidence of tendinosis and for partial or complete tears. Atrophy of the supraspinatus and infraspinatus muscles was measured using the occupation ratio validated by Khoury et al. 25 and compared with the contralateral shoulder. Fatty infiltration was assessed based on muscle echogenicity and pennate pattern and graded as: none, less than 50, or more than 50%. The ipsilateral trapezius muscle was used as the normal control. The location of the biceps tendon, with respect to its tunnel, was also noted and a dynamic evaluation for subacromial impingement was performed.
Statistical analysis
A power analysis using a two-tailed t-test (a ¼ 0.05, b ¼ 0.8) determined that the minimum number of patients required for the study was 42. This was based on a minimum clinically relevant difference of 15 points on the WORC questionnaire (SD 16.8) between patients with and without rotator cuff tears and an estimated 40% prevalence of full rotator cuff tears. This estimate was taken from the literature on proximal humerus fractures. 4 The impact of demographic data, fracture characteristics, financial compensation and the presence of rotator cuff pathology on functional outcome following isolated GT fracture was then analyzed. Student's ttest was used for continuous data and the chi-squared test was used for categorical data. Associations at a level of p < 0.05 were considered statistically significant.
Results
A total of 153 cases of isolated greater tuberosity fractures were identified and 93 patients met the inclusion criteria. Forty-three of these patients agreed to participate in the clinical study ( Fig. 1 ). The demographic profile, as well as follow-up time, fracture characteristics and treatment modality, were compared between patients who agreed to participate and those who refused (Table 2 ). There were no statistically significant differences between the patients who agreed to participate in the clinical study and those who did not.
The average age of the study population was 57 years (SD 13.5 years), fifty-six percent of patients were female and the average follow-up was 2.4 years (range 1 year to 7 years). Thirty-one percent of patients had concurrent glenohumeral dislocation at the time of injury. All patients underwent non-operative management for their GT fracture.
The mean initial displacement of the GT fragment was only 2.2 mm, although this varied greatly (from 9 mm inferior to 22 mm superior). Inferior or superior GT displacement was defined relative to the normal anatomic position of the GT. Only five patients had more than 5 mm of displacement. The GT fracture morphology was distributed as: seven patients with depression type, 20 with avulsion type and 16 with split fracture type.
Sonographic findings
The supraspinatus tendon had the greatest number of full 10.3% (n ¼ 4/39) and partial tears 61.5% (n ¼ 15/ 39). The infraspinatus had 2.6% (n ¼ 1/39) full and 17.9% (n ¼ 7/38) partial tears; the subscapularis had 2.6% (n ¼ 1/39) full and 7.7% (n ¼ 7/39) partial tears; and the biceps had 0% (n ¼ 0/38) full and 5.3% (n ¼ 1/ 38) partial tears. Despite having fewer tears, the infraspinatus muscle demonstrated more atrophy and fatty infiltration [49% (n ¼ 19/39) and 62% (n ¼ 24/39), respectively] compared to the supraspinatus muscle [11% (n ¼ 4/37) and 13% (n ¼ 5/39), respectively]. The long head of the biceps showed signs of acute tenosynovitis in 5.3% (n ¼ 2/38) of patients and biceps tendon subluxation occurred in 29% (n ¼ 11/37). Subacromial impingement was also present in more than half of patients 56% (n ¼ 22/39). The total number of patients in these analyses varied from 37 to 43 because some ultrasounds were incomplete as a result of technical difficulties, body habitus, patient discomfort or stiffness.
Functional results
The demographic variables studied (age, sex, side of injury, smoking, employment status) were not significantly related to functional outcome, except for work status and financial compensation. Unemployed patients had significantly higher Constant score improvements compared to employed patients (13 versus 5). Patients with private insurance had decreased Quick-Dash Main scores compared to uninsured or publicly insured (workers compensation or auto insurance) patients (14 versus 26, p ¼ 0.05). However, none of the other functional scores varied significantly according to insurance status (Table 3) .
GT fractures in this cohort were relatively stable and did not displace significantly between the initial and final radiographs (3.6 mm versus 1.1 mm; p ¼ 0.09). Of the GT fractures that were minimally displaced at initial presentation (<5 mm), only two of 36 (6%) migrated to >5 mm superior displacement at final follow-up. Concomitant glenohumeral dislocation was not predictive of greater GT displacement, nor of a higher incidence of rotator cuff tears. However, GT displacement at final follow-up was significantly higher in patients with supraspinatus atrophy than in those without supraspinatus atrophy (12.8 mm versus 1.1 mm; p ¼ 0.001). This was not necessarily associated with a concomitant rotator cuff tear.
The presence of abnormalities found on ultrasound examination had a negative impact on functional outcome. The presence of supraspinatus fatty infiltration was associated with greater loss of abduction strength (8 kg with versus 2 kg without fatty infiltration; p ¼ 0.01) and lower SF-12 Physical scores (35 with versus 48 without fatty infiltration; p ¼ 0.01). Infraspinatus fatty infiltration was also associated with greater loss of abduction strength (4 kg with versus 0.3 kg without fatty infiltration; p ¼ 0.01). A detailed breakdown of the functional outcomes associated with abnormalities found on ultrasound examination can be found in Table 4 (for rotator cuff tears and atrophy) and Table 5 (for biceps pathology and subacromial impingement).
Discussion
The present study describes the prevalence of soft-tissue injury following GT fractures, as well as their functional impact at an average follow-up of 2.4 years. It is likely that some of the pathologies found on ultrasound were present pre-injury because Girish et al. found an incidence of up to 10% full supraspinatus tears in asymptomatic men aged 40 years to 70 years. 26 It has also been suggested that rotator cuff tears represent a normal degenerative process (increased incidence with increasing age). 27 However, whether it was pre-existing or caused by the fracture, the present study described the negative functional impact of rotator cuff pathology on patients recovering from isolated GT fractures. Loss of abduction strength in asymptomatic patients with rotator cuff tears has been described previously. 28 In the present study, patients lost an average of 3 kg of abduction strength with respect to their unaffected limb in the presence of supraspinatus muscle atrophy, with or without a concomitant tear. This atrophy was also associated with greater residual GT displacement (7.3 mm versus 0.7 mm, p ¼ 0.001), which suggests that atrophy of the rotator cuff may occur following shortening of the effective muscle length of the rotator cuff in the absence of tendon tear. This has never before been described in the rotator cuff following GT fractures and may help explain, in part, the poor outcomes historically associated with displaced GT fractures.
Indeed, tears of any muscle of the rotator cuff and supraspinatus fatty atrophy were associated with a poorer functional outcome in this study. As already noted, these abnormalities may have occurred preinjury, during the trauma, or over time as a result of the altered mechanics and/or subacromial impingement. The functional impact of this rotator cuff tear and/or supraspinatus fatty atrophy, however, may warrant advanced imaging (such as ultrasound or MRI) and consideration of further treatment in the patient evolving poorly following a GT fracture.
Biceps abnormalities were present in 27 patients and included partial or full-thickness tears and tendon subluxation. The presence of biceps pathology was associated with a statistically significant lower SF-12 Mental score (50 with pathology versus 56 without pathology; p < 0.05), although this may not be clinically significant. Values are expressed as the mean (SD). Significance is set at p < 0.05 and significant values are shown in bold with the corresponding p value. WORC, Western Ontario Rotator Cuff Index, expressed as a percentage of total possible score. SF-12, Short-Form Health Survey version 2; scores are provided for the physical and mental components separately and are out of a maximum score of 100. The Constant score difference is the absolute difference in constant score between the injured and uninjured shoulders. Strength loss is the absolute difference in abduction force (kg) between the injured and uninjured shoulders. ROM, range of motion; expressed in degrees ( ). 20 (20) 15 (17) 14 (15) 21 (21) SF-12
Physical 46 (12) 47 (10) 47 (10) 44 (11) 47 (11) 42 (11) 48 (10) 35 (4)* 48 (9) 44 (11) 49 (7) 45 (12) Mental 52 (8) 51 (9) 52 (8) 48 (13) 51 (9) 60 (4) 51 (8) 54 (13) 51 (8) 52 (10) 52 (7) 50 (10) Pain score (27) 167 (20) 159 (23) 169 (15) 163 (25) 166 (17) 166 (22) 161 (29) 155 (29) 155 (29) 167 (28) 159 (26) 154 (35) 157 (29) 154 (31) 158 (28) 156 (30) 153 (34) 160 (26) 74 (13) 73 (14) 72 (14) 76 (10) 76 (9) 55 (25) 75 (10) 57 (23) 72 (13) 74 (15) 75 (12) 72 (15) *Values are expressed as the mean (SD). Abbreviations and values are as described for Table 3 . p ¼ 0.01. The total number of patients varied from 43 because each tendon could not always be rated in all types of measurement for all patients as a result of the technical limitations of the ultrasound.
Another element that was clearly associated with functional outcome in patients following GT fracture was the financial salary compensation or insurance received during the convalescent period. Patients who received worker's compensation performed significantly worse on WORC, SF-12 v2, Constant and abduction amplitude than patients with private insurance. In the case of worker's compensation, this negative relationship is considered to be the result of a higher rate of noncompliance and secondary gain in this population, and is consistent with outcomes following other injuries to the shoulder. 19, 29, 30 A major weakness of the present study is the 46.2% rate of participation among candidates meeting the inclusion criteria. This was likely a result of the time commitment required (two appointments; one for the orthopaedic clinic and one for the shoulder ultrasound), which was unacceptable for many patients. However, we pulled the charts and radiographs on the nonparticipants, and determined that the group of patients who accepted to participate and the group of those who refused were radiologically and demographically comparable.
In conclusion, our assessment of the incidence of rotator cuff and biceps pathology in isolated GT fractures showed that they are common and can have a significant functional impact. Rotator cuff tears and supraspinatus atrophy may occur following GT fractures and are associated with a poorer outcome. Advanced imaging (ultrasound or MRI) may be helpful to evaluate the poorly evolving patient with a GT fracture because soft tissue pathology could be the cause and may be amenable to surgical treatment. (25) 78 (13) 71 (13) 75 (12) 69 (17) 71 (17) 75 (11) *Values are expressed as the mean (SD). Abbreviations and values are as described for Table 3 . p < 0.05.
